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ABSTRACT 
 
 
The following summary report provides a concise overview of the research undertaken 
and the outcomes derived from the performance evaluation study of onsite sewage 
treatment systems. Additionally, a number of recommendations have been provided to 
enhance the treatment performance of these systems. This report also identifies a 
number of areas, which merit further investigations. The focus of the study was on 
subsurface effluent disposal systems. The reader is referred to the three project reports 
that were produced for more detailed information. 
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Performance Evaluation of Onsite Sewage Treatment  
Summary Report 
 
 
 
1. BACKGROUND 
 
Efficient management of domestic wastewater is a primary requirement for human well 
being. Failure to adequately address issues of wastewater collection, treatment and 
disposal can lead to adverse public health and environmental consequences. 
Unfortunately, the cost of providing conventional wastewater collection and treatment 
systems can be prohibitive, particularly in sparsely populated areas. Under these 
circumstances, onsite treatment of wastewater is seen as an attractive alternative 
considering its simplicity and relative low cost. In the past onsite treatment was 
prevalent in rural and isolated communities and in urban fringe areas. In these 
conditions, onsite treatment of wastewater did not merit much attention as their density 
in a given areas was relatively low and there was sufficient land generally available for 
expanding the size or installing new land disposal areas where required. 
 
However this situation is changing very rapidly. The increasing spread of urbanisation 
has led to the conversion of previously rural land into housing developments and the 
more intensive development of semi urban areas. Unfortunately the provision of 
sewerage facilities has not kept pace with this expansion in urbanisation. Therefore it 
can be surmised that the onsite treatment of sewage would not only continue to be 
employed but would in fact be used even more widely.  
 
Subsurface absorption systems are most commonly used for onsite effluent disposal and 
particularly in the case of septic tanks. These have a strong dependency on location 
specific parameters such as topography and subsurface characteristics. Therefore in the 
design and location of subsurface effluent disposal systems, an in-depth understanding 
of the factors that influence effluent renovation, leading to the development of a 
predictive strategy for performance evaluation is essential. These outcomes will help to 
reduce the uncertainty inherent in the prescriptive strategies currently in use. 
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2. THE PROJECT 
 
2.1 Outline 
 
Figure 1 provides a schematic outline of the overall research project indicating the main 
activities undertaken. It has been divided into three phases as indicated. 
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Figure 1 – Outline of the research project 
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2.2 Primary Aims and Objectives 
 
The primary aims of the research project were: 
 to relate treatment performance of onsite effluent disposal systems to site 
conditions; 
 to evaluate current research relating to onsite sewage treatment and to identify key 
issues where there is currently a lack of relevant research. 
 
These tasks were undertaken with the objective of facilitating the development of 
performance based planning and management strategies for onsite sewage treatment. 
The focus of the research project has been on septic tanks. Therefore by implication the 
investigation has been primarily confined to subsurface effluent disposal systems.  
 
 
2.3 Rationale 
 
There are two inherent difficulties associated with understanding and defining the 
performance of subsurface effluent disposal systems. Firstly, it is the difficulty in 
evaluating treatment performance due to the crucial role played by the soil column. The 
complexity of the processes involved, the large number of influential parameters and 
their wide variability makes monitoring results difficult to interpret. The second reason 
is the difficulty in defining failure. The general tendency is to interpret failure in a 
visual sense. Surface ‘break-out’ of effluent is the most commonly regarded indicator. 
The surface flow of inadequately treated effluent is a cause of major concern. However 
the flow of inadequately treated effluent could also take place through the subsurface 
due to existing soil conditions or high groundwater table and would not be visible. This 
situation is of even greater concern due to its insidious nature. 
 
A more reliable approach is needed to evaluate the performance of subsurface effluent 
disposal systems. Currently, there is insufficient appreciation of the significant role 
played by soil chemical parameters in effluent treatment. This is evident from the 
continuing dependency on the use of the percolation test. Its shortcomings have been 
extensively discussed in research literature, but still continues be used widely. 
 4 
 
 
The soil column plays a crucial role in defining the performance of an onsite effluent 
disposal system. Therefore it is important that the performance of a system is evaluated 
in terms of influential soil parameters. This would require the integration of current 
knowledge in soil chemistry in relation to effluent treatment and the identification of 
areas where further research is needed. These outcomes would assist in the development 
of performance based planning and management strategies for onsite sewage treatment. 
It would help to reduce the uncertainty inherent in the prescriptive strategies currently in 
operation. To develop a strategy of this nature, a comprehensive understanding of the 
influential soil parameters and the linkages between different parameters in defining 
system performance is essential. 
 
 
2.4 Scope of Work 
 
Though the primary focus of the research project was on septic tank/subsurface effluent 
disposal systems, in the evaluation of published research, issues pertaining to aerobic 
wastewater treatment systems and greywater disposal were also undertaken due to their 
close linkage with the overall project theme. The design and treatment processes taking 
place within the septic tank chamber itself did not form a part of the investigation. The 
five broad categories of soil types prevalent in the Brisbane region were taken into 
consideration for the field investigations. The number of systems investigated was 
based on the proportionate area of urban development within the Brisbane region 
located on each soil type. 
 
In the initial phase of the investigation, though the majority of the systems evaluated 
were septic tanks, a small number of aerobic wastewater treatment systems were also 
included. This was primarily to compare the effluent quality of systems employing 
different generic treatment processes. However the total number of systems studied is 
not statistically significant to draw definitive conclusions in this regard. This is an 
important issue considering the large number of parameters that can influence treatment 
performance and their wide variability. Therefore the results of the study should only be 
used for purposes of guidance and for identifying areas for further investigation. 
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The monitoring sites were selected within the northern suburbs of Brisbane for ease of 
sample collection and accessibility. The initial selection consisted of 22 sites in 21 
different locations, of which six were later abandoned for various reasons. The 
remainder included eight septic systems with subsurface effluent disposal and treating 
either blackwater or combined black and greywater, two sites treating greywater only 
and six sites with aerated wastewater treatment systems. The selected sites are shown in 
Figure 2 below. 
 
The decision to monitor on a broad-scale, a relatively larger number of sites as 
compared to more intense monitoring of a much smaller number was due to the 
significant number of variables that can influence treatment performance. In monitoring 
a smaller number of sites, the possibility always exists that the results obtained could be 
artefacts of specific site conditions, which are difficult to quantify. 
 
The field monitoring consisted of the following tasks: 
 Installation of monitoring wells or piezometers at 1 and 3 m downstream from the 
edge of the subsurface disposal area for sampling of the soil water percolating 
through the subsurface.  
 Mapping of soil horizons at the piezometer installation sites. 
 Collection of soil samples from a control site, which has not been disturbed due to 
landscaping or contaminated with effluent, to determine background soil parameters. 
 Collection of effluent samples from the distribution box, to determine the 
characteristics of the effluent prior to disposal into the soil. 
 Collection of background data relating to the site and sewage treatment system. 
 Detailed soil physico-chemical analysis at six sites. 
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Figure 2 – Location of selected sites 
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2.5 Outline of Project Reports 
 
During the course of the project, three detailed reports were produced. A brief outline of 
these reports is given below. 
 
Report 1 
This report consisted of an evaluation of research undertaken in the arena of onsite 
sewage treatment. Though it focused mainly on septic tanks in keeping with the primary 
objectives of the project, important issues relating to aerobic wastewater treatment 
systems and greywater disposal were also investigated.  
 
Chapter 2 of the report discusses the various options available for onsite treatment of 
sewage. These options include septic tanks, aerobic wastewater treatment systems 
(AWTS) and different types of filters. Effluent disposal options are discussed in Chapter 
3. This included subsurface disposal, surface application and evapotranspiration 
systems. Additionally, the issues involved in the surface application of greywater have 
also been discussed briefly. Due to its importance in the case of subsurface effluent 
disposal systems, Chapter 4 was devoted to issues relating to clogging mat formation at 
the effluent infiltrative surfaces. Chapter 5 gives a brief overview of the environmental 
and public health implications of system failure and the factors that contribute to these 
occurrences. 
 
Report 2 
Primarily, this report contains the results of the field monitoring program and the initial 
analysis undertaken. The development of the field monitoring program, site selection 
and data collection has been discussed in Chapter 3. Chapter 4 discusses the initial 
testing program, its objectives and parameter selection. The field observations have 
been discussed in Chapter 5. The inherent experimental limitations in the investigations 
undertaken have been discussed in Chapter 6. Chapter 7 provides a detailed discussion 
of the conclusions derived from the experimental investigations. Chapter 8 provides a 
concise summary of the key findings derived from the research undertaken. 
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Report 3 
This report highlights the crucial role played by soil physico-chemical characteristics 
and landscape factors in effluent renovation. It provides guidance in identifying the 
influential parameters for determining site suitability for effluent disposal. The detailed 
investigations undertaken and areas which require further research has been discussed. 
 
Chapter 2 of the report provides a brief overview of the overall research project. 
Chapter 3 discusses the detailed control sample test program including its objectives 
and rationale, site and parameter selection. A detailed discussion of the results derived 
from the experimental investigations is provided in Chapter 4. Chapter 5 provides a 
concise summary of the key findings derived from this component of the research 
program and Chapter 6 details conclusions and recommendations for further research.  
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3. SUMMARY OF KEY FINDINGS 
 
A. House owner operation and maintenance practices: 
1. This is the most crucial factor influencing the performance of onsite sewage 
treatment systems. In the study undertaken, none of the septic tank owners 
were aware of the need for sludge removal at regular intervals.  
2. Also this factor significantly affects the performance of aerobic wastewater 
treatment systems.  
 
B. Aerobic wastewater treatment systems (AWTS): 
1. AWTS are capable of producing effluent of a quality suitable for surface 
disposal. However their field performance has been disappointing due to, 
house owner neglect, variable quality of effluent, greater susceptibility to 
shock loadings, sludge bulking and design limitations.  
2. After 1-3 m of travel through the subsurface, it is generally not possible to 
distinguish any significant differences in quality between effluent originating 
from septic tanks and AWTS. 
3. The regular inspections by the supplier are confined only to the treatment 
system and do not include the effluent disposal system. This is not a 
satisfactory situation as the investigations revealed. 
 
C. Subsurface effluent disposal: 
1. The need to investigate the subsurface condition to a depth greater than what 
is required for the standard percolation test was clearly evident. On occasion, 
seemingly permeable soil was found to have an underlying impermeable soil 
layer or vice versa. 
2. The main problem with subsurface disposal is the formation of a clogging 
mat on the infiltrative surfaces. As such, the capacity of the soil to handle 
effluent is no longer governed by its permeability as measured by the 
percolation test, but rather by the infiltration rate through the clogged zone.  
3. The clogging mat enhances the purification process, as it is an efficient filter 
for the removal of microorganisms and ensures greater contact between 
effluent and soil particles. However its adverse impacts cannot be ignored as 
 10 
 
it can lead to significant reduction in the infiltration rate. As clogging mat 
formation is inevitable, it is important to ensure that it does not impede 
effluent infiltration beyond tolerable limits. 
4. Research conclusions with regard to intermittent dosing to control clogging 
mat formation are contradictory. It has also been recommended that the rest 
periods should be much longer and should be in the range of about six 
months. This entails the provision of a second and alternating seepage bed. 
5. Another issue of importance is the degree of pretreatment that should be 
provided to the effluent prior to subsurface application and the influence 
exerted by pollutant loadings on the clogging mat formation. However it has 
been shown that effluent quality may be a factor in the case of highly 
permeable soils but this may not be the case with fine structured soils. 
 
D. Surface disposal of effluent (from AWTS): 
1. The surface disposal of effluent has the advantage that treatment is 
undertaken on the upper soil horizons, which is chemically and biologically 
the most effective in effluent renovation. However due to the unreliability of 
the effluent quality from aerobic systems, public health impacts from aerosol 
drift is a possibility.  
2. It has also been found that most householders do not take adequate care in 
the operation of spray irrigation systems or in the maintenance of the 
irrigation area.  
 
E. Disposal of greywater: 
1. Only one of the monitored sites under the project had a suitably functioning 
disposal arrangement. The general practice is to employ a garden hose to 
siphon the greywater for use in surface irrigation of the garden. 
2. Surface irrigation of greywater is currently being permitted in some areas 
and the only pretreatment that is required is the removal of oil and grease. 
Greywater can be considered to be a weak to medium sewage as it contains 
primary pollutants and may also include microbial contamination. Therefore 
its use for surface irrigation can pose a potential health risk. This is further 
compounded by the fact that most householders are unaware of the potential 
adverse impacts of indiscriminate greywater reuse.  
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F. Behaviour of effluent disposal systems: 
1. The ultimate test of onsite sewage treatment system efficiency rests with the 
final disposal of effluent. The implication of system failure as evidenced 
from the surface ponding of effluent or the seepage of contaminants into the 
groundwater can be very serious as it can lead to environmental and public 
health impacts. Significant microbial contamination of surface and 
groundwater has been attributed to septic tank effluent. 
2. Five of the sixteen sites monitored were found to have problems with the 
effluent disposal systems. This indicates a high percentage failure rate. 
3. Soils have a finite capacity for the removal of nutrients. Once this capacity is 
exceeded, nutrients will seep into the groundwater.  
4. In most of the monitored sites, the soil profile showed significant lateral 
percolation of effluent. As such, the flow of effluent to surface water bodies 
is a distinct possibility. 
5. Effluent percolating through the subsurface absorption field may travel in 
the form of dilute pulses. The effluent will move through the soil profile 
forming fronts of elevated pollutant levels. 
6. Though effluent treatment is influenced by the physico-chemical 
characteristics of the soil, it was not easy to distinguish between the 
treatment performance of different soil types. This leads to the hypothesis 
that effluent renovation is significantly influenced by the combination of 
parameters rather than single parameters. This would make the processes 
involved strongly site specific. 
7. The downward flow of effluent and leaching of the soil profile is evident in 
the case of podsolic, lithosol and krasnozem soils. Lateral flow of effluent is 
evident in the case of prairie soils. Gleyed podsolic soils indicate poor 
drainage and ponding of effluent. 
8. In most instances, the improvements in effluent quality seem to take place 
only within the initial 1 m of travel from the disposal area. This means that 
while the concentration of pollutants may be expected to decrease with 
distance due to dispersion and dilution, the total quantity of pollutant 
percolating into a watercourse or aquifer may be determined by the 
processes occurring in the initial few meters. 
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G Prolonged effluent disposal and salt accumulation: 
1. Generally there is a higher salt content in the effluent than what is advisable 
of use in irrigation. Continuous effluent irrigation without adequate leaching 
taking place would result in the accumulation of salts to a concentration 
harmful to crops and the landscape. This relatively high salt content is 
present even in the case of AWTS. However this is not an artefact of the 
treatment process but rather an indication of the quality of the wastewater 
generated in the household.  
2. Therefore for a disposal area to be sustainable, it would have a maximum 
application rate of effluent. This would be dependent on subsurface 
characteristics and the surface area available for effluent disposal.  
3. The dosing regime for effluent disposal can play a significant role in the 
prevention of salt accumulation in the case of poorly draining sites. Though 
intermittent dosing was not considered satisfactory for the removal of the 
clogging mat layer, it has positive attributes in the context of removal of 
accumulated salts in the soil.  
 
H. Soil physico-chemical characteristics 
1. The Ca:Mg ratio and Exchangeable Sodium Percentage are important 
parameters in soil suitability assessment. A ratio of less than 0.5 would 
generally indicate a high ESP. This in turn would mean that Na and possibly 
Mg are the dominant exchangeable cations leading to probable clay 
dispersion.  
2. A Ca:Mg ratio greater than 0.5 would generally indicate a low ESP in the 
‘B’ horizon, which in turn relates to increased soil stability.  
3. In higher clay percentage soils, even low ESP can have a significant effect. 
4. The presence of high exchangeable Na can be counteracted by the presence 
of swelling clays at depth, indicating that dispersion is unlikely to occur at a 
site.  
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4. RECOMMENDATIONS FOR IMPROVING TREATMENT  
PERFORMANCE  
 
The following recommendations are a direct outcome of the research undertaken: 
1. Action should be taken to increase house owner awareness of the need and 
practices to be adopted for the proper operation and maintenance of onsite 
sewage treatments systems. The high failure rate of these systems and the 
neglect of basic management practices are of great concern. House owner 
awareness should particularly include issues such as: 
 timely removal of sludge; 
 adequate disinfection of effluent in the case of surface disposal; 
 need for care in handling effluent and greywater re-use; and, 
 use of products, which do not increase the sodium content in effluent, 
which could lead to the deterioration of the soil structure. 
2. To determine site suitability, a land capability assessment for effluent 
disposal should be evaluated taking into account influential soil physico-
chemical characteristics and landscape factors. This is a paradigm shift from 
the current dependency on the permeability test for such evaluation. 
3. It is advisable that decisions regarding site suitability for effluent disposal is 
not based purely in terms of the soil type or permeability. There are a 
number of other factors such as the site location in the landscape catena, the 
drainage characteristics and other soil physical and chemical characteristics, 
which also exert a strong influence on site suitability.  
4. Taking into consideration the accumulation of salt due to prolonged effluent 
disposal, a site to be sustainable would have a maximum application rate of 
effluent. This would be dependent on subsurface characteristics and the 
surface area available for effluent disposal. This is one of the important 
parameters that should be taken into account in the design of an effluent 
disposal system. 
5. Sites that are difficult to characterise in terms of suitability for effluent 
disposal would require a detailed soil physical and chemical analysis to be 
undertaken to a minimum depth of 1.2 m. 
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6. The re-use of greywater too should be subjected to stringent compliance 
requirements. 
7. Taking into consideration the problems related to surface disposal of 
effluent, subsurface disposal is the safest under most conditions. This is 
provided, the disposal facility has been designed to accommodate site 
conditions.  
8. Due to the faulty design of the dispenser and/or poor quality of chlorine 
tablets, chlorine disinfection of the effluent in case of aerobic systems has 
been found to be unreliable. Alternatives to chlorine disinfection such as UV 
radiation should be considered. 
 
 
5. RECOMMENDATIONS FOR FURTHER RESEARCH 
 
Considering the nature of the conclusions derived and their possible wide ranging 
implications for the management of onsite sewage treatment, further detailed 
investigations are recommended on the following issues: 
1. The degree of effluent renovation with distance undertaken by the subsurface 
effluent disposal field. This has significant implications relating to setback 
distances. 
2. It can be surmised that a site would have a maximum application rate of effluent to 
be sustainable. Considering the important design implications involved, the use of 
subsurface characteristics to determine this rate should be investigated. 
3. The impact of salt accumulation on the soil environment due to prolonged effluent 
disposal lead to a number of related issues such as: 
 The role of intermittent effluent discharge in reducing the salt accumulation, 
whilst taking into consideration any possible impacts on the clogging mat which 
has formed on the infiltrative surface. 
 Background SAR levels of the water supply measured at five sites indicated that 
these were not significant and that the high values are the result of householder 
contributions into the wastewater. As this is a common problem with important 
implications, the significance of SAR levels in the effluent, ESP levels in the soil 
and their threshold values for different soil types should be investigated. 
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6. CONCLUSIONS 
 
The efficiency of onsite sewage treatment ultimately depends on the safe and hygienic 
disposal of the final effluent. Subsurface disposal is the most common approach. The 
outcomes from the research project confirm the location specific nature of the treatment 
performance of effluent disposal systems. Landscape factors and physico-chemical 
characteristics of the disposal area play a crucial role in this regard. Therefore it is 
important that these relevant factors are taken into consideration in system design. 
 
The current research project has identified the influential physico-chemical parameters 
in effluent renovation. It has further established the linkages between these parameters, 
which ultimately define treatment performance. Based on the outcomes of the research 
undertaken, a number of recommendations have been provided to further enhance the 
treatment performance of onsite effluent disposal systems. In the course of the research 
undertaken, a number of areas which merit further investigations have been also 
identified. 
 
